Recent advances in technology have made cardiac computed tomography (CT) a useful tool for detection of coronary artery disease. Several studies using 64-slice CT demonstrated high sensitivity (96-99%) and a negative predictive value (93-99%) of cardiac CT in excluding significant coronary artery disease [1] [2] [3] . Therefore, cardiac CT can act as a gatekeeper to invasive coronary angiography. In addition, the appropriateness criteria for cardiac CT published by the American College of Cardiology list various non-coronary applications [4] . These include evaluation of 1) complex congenital heart disease, 2) cardiac masses, 3) pericardial conditions, 4) pulmonary vein anatomy prior to invasive radiofrequency ablation (RFA) in atrial fibrillation, 5) noninvasive coronary vein mapping prior to placement of a biventricular pacemaker, 6) suspected aortic dissection or thoracic aortic aneurysm, and 7) suspected pulmonary embolism. In this article, we will review the non-coronary application of cardiac CT and demonstrate typical CT case findings in adults. Because non-electrocardiogram (ECG)-gated CT is usually sufficient to assess a thoracic aortic aneurysm or pulmonary embolism, we excluded these conditions in this pictorial essay.
In this patient, the right coronary artery arises from the right anterior sinus and travels along the left atrioventricular groove in a retropulmonary course (arrow). LA: left atrium, LV: left-sided ventricle, RA: right atrium, RV: right-sided ventricle, A: aorta, P: pulmonary trunk.
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A C B D sis, tetralogy of Fallot, and corrected or partial transposition of the great vessels [19] . Cardiac CT is regarded as a partial alternative to cardiac magnetic resonance. It can allow visualization of the position of the tricuspid valve, trabeculated myocardium, and combined cardiovascular anomalies if good opacification of the right ventricle is acquired with an appropriate con- morphological right ventricle supporting the systemic circulation [8] . Most patients with ccTGA have associated cardiac anomalies, including ventricular septal defect (70%), pulmonary stenosis (40%), and systemic atrioventricular valve (90%), conduction (30%), and coronary anomalies (45%) [9] [10] [11] . Coarctation of the aorta (CoA) is the fifth most common congenital heart disease, accounting for 6-8% of all cases [12] . It is characterized by narrowing of the aorta adjacent to the ductus arteriosus [13] . There are 3 types according to the narrowing site: 1) preductal (proximal to the ductus arteriosus), 2) ductal (at the level of the ductus arteriosus), and 3) postductal (distal to the ductus arteriosus). Postductal CoA is the most common type encountered in adults [14] . The most commonly associated anomaly is a bicuspid aortic valve, found in 75% of CoA patients ( Fig. 3 ) [15, 16] . Other associated anomalies include ventricular septal defect, sinus venosus ASD, hypoplastic left heart syndrome, mitral valve malformation, truncus arteriosus, right aortic arch, supravalvular pulmonary artery stenosis, and left subclavian artery dilatation [17] . Cardiac CT can provide anatomical details of the aorta and the narrowing segment as well as associated cardiovascular anomalies and collateral vessels for initial diagnosis [13] .
Ebstein's anomaly is defined as displacement of the septal leaflet of the tricuspid valve into the right ventricle, with resultant atrialization of the basal part of the right ventricle ( Fig. 4 ). Marked dilatation of the right heart generally reflects severe tricuspid regurgitation. It is an uncommon congenital heart disease, occurring in up to 1% of congenital heart disease patients [18] . Ebstein's anomaly can be associated with pulmonary stenosis or atresia, ventricular septal defect, mitral steno- Non-Coronary Findings on Cardiac CT in Adults CVIA trast material protocol, such as a triphasic protocol. Moreover, it is useful for both preoperative planning and postoperative follow-up, such as evaluation of the Fontan circuit. Cor triatriatum is characterized by division of the left atrium (LA) or right atrium (RA) into two chambers by a fibromuscular membrane ( Fig. 5 ). Although it usually involves the LA (cor triatriatum sinister), it can also involve the RA (cor triatriatum dexter). The severity of clinical symptoms depends on the size of the fenestration in the fibromuscular membrane [20] . Other congenital cardiac anomalies such as ASD or anomalous pulmonary venous return can also be present [21] .
evAluAtIoN of cArdIAc mAsses
Cardiac masses are uncommon entities and can be categorized as either non-neoplastic or neoplastic. Non-neoplastic masses include thrombi and lipomatous hypertrophy of the interatrial septum [22] . Approximately 75% of all primary tumors are benign, and the remaining 25% are primary malignant tumors. Primary benign tumors include myxomas (50% of all benign cardiac tumors), papillary fibroelastomas (20%), lipomas (20%), and hemangiomas (50%). The most common type of malignant cardiac mass is metastasis, followed by sarcoma (95% of all malignant primary cardiac tumors) and lymphoma (5%). Noninvasive imaging modalities play an important role in the diagnosis and preoperative planning of cardiac masses [23] . Although echocardiography remains the preferred initial imaging modality for evaluation of cardiac masses, cardiac CT and magnetic resonance imaging (MRI) are often used synergistically with echocardiography. Cardiac CT is an alternative method for patients with inadequate images from other imaging modalities or with contraindications to MRI. Cardiac CT can help to characterize a calcified or fatty mass, detect metastasis, assess combined chest abnormalities, and exclude coronary artery disease [24] . To characterize a cardiac mass, low-dose non-contrast CT and delayed CT might be needed [22] .
Thrombus is the most common type of intracardiac mass [23] . It is usually found in the left atrial appendage and is asso- 
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ciated with a hypercoagulable state, atrial fibrillation, mitral valve disease, severe left ventricular dysfunction following myocardial infarction, or an artificial device. Differentiation between thrombus and tumor is essential because the treatment method is different. Knowledge of predisposing risk factors, shape, delayed enhancement, location, and lack of mobility can be useful when distinguishing thrombus from tumor [22] . The typical CT finding of a cardiac thrombus is a hypodense filling defect within a cardiac chamber (Fig. 6 ). Circulatory stasis, which describes incomplete mixing of blood and contrast media, can mimic thrombus in the left atrial appendage. In that situation, delayed CT imaging starting 30 seconds after the first scan can help to differentiate between thrombus and circulatory stasis [25] . A myxoma is commonly located in the LA attached to the fossa ovalis (60-75%), followed by the RA (15-20%), inferior vena cava, and the valve leaflets [26] . It usually has a smooth or lobular margin and heterogeneous enhancement, depending of chronicity and components (e.g., necrosis, hemorrhage). A mobile myxoma occasionally prolapses through the atrioventricular valves and causes obstruction (Fig. 7) [22] .
A lipoma is a benign, encapsulated, mesenchymal tumor composed of mature adipose tissue and can be located at various sites. On CT, a lipoma is an encapsulated, fat-attenuating mass Non-Coronary Findings on Cardiac CT in Adults CVIA without enhancement (Fig. 8 ). Multiple lipomas might be seen in tuberous sclerosis patients. Lipomatous hypertrophy of the interatrial septum, which is characterized by non-neoplastic accumulation of fat cells in the interatrial septum, can mimic lipoma because both are composed of fatty tissue. However, lipomatous hyperplasia of the interatrial septum is a nonencapsulated and non-neoplastic mass. It is associated with old age and obesity [27] . Characteristic CT findings include a dumbbell-shaped mass (>2 cm) arising from the interatrial septum, sparing of the fossa ovalis, and fat density <-50 HU (Fig. 9) . Sarcoma is the second most common primary cardiac tumor. Of all sarcomatous cell types, angiosarcoma is the most common. The majority (80%) of angiosarcomas are located in the RA, although other types of sarcoma usually occur in the LA. CT findings of sarcoma show a broad-based mass with enhancement. Invasion to the myocardium, pericardium, mediastinum, or great vessels and extracardiac metastasis can be identified.
evAluAtIoN of perIcArdIAl coNdItIoN
The pericardium is a double-layered fibroserous sac surrounding the heart and origin of the great vessels. It is composed of an inner serosa and outer fibrosa. Normal pericardium appears as a thin curvilinear structure on cardiac CT. Typically, the pericardium is best visualized along the right ventricle and is not visible over the lateral and posterior wall of the left ventricle. Pericardial thickness of 4 mm or more indicates abnormal thickening [28] . Cardiac CT allows for accurate assessment of pericardial anatomy and calcification without cardiac motion artifact. Moreover, using a larger field of view, mediastinal and chest abnormalities can be simultaneously examined. Using retrospective ECG-gated cardiac CT, evaluation of dynamic ventricular septal motion is possible [29] .
Constrictive pericarditis is a condition in which the compliance of the pericardium is decreased, leading to restricted ventricular filling, severe diastolic dysfunction, and right heart failure. Causes of constrictive pericarditis include infection (particularly tuberculosis), mediastinal irradiation, and pericardiotomy. Diagnosis of constrictive pericarditis remains challenging and is based on imaging findings and functional and hemodynamic abnormalities. Typical CT findings of constrictive pericarditis include pericardial thickening with or without calcifications ( Fig. 10) . Constrictive pericarditis usually occurs in the 9 . Lipomatous hypertrophy of the interatrial septum. Axial image from cardiac computed tomography in a 38-year-old female demonstrates a mass (arrow) with fat-attenuation that spares the fossa ovalis, consistent with lipomatous hypertrophy of the interatrial septum. The mass extends to involve the posterior wall of the right atrium (arrowhead).
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right side of the heart or atrioventricular groove [28] . Reduced volume in the right ventricle with a narrow, tubular configuration, a sigmoid ventricular septum and prominent leftward septal convexity, systemic venous dilatation, hepatomegaly, and ascites can also be seen. However, neither pericardial thickening nor calcification is diagnostic of constrictive pericarditis, unless the patient also has symptoms of physiologic constriction or restriction [30] . A pericardial cyst results from pericardial tissue being pinched off during early development [30] . Typical CT findings of a pericardial cyst include a water-attenuated mass with a smooth wall and no enhancement, usually in the right cardiophrenic angle (Fig. 11) . When a pericardial cyst has variable attenuation, highly proteinaceous fluid or hemorrhage in the cyst should be suspected. A pericardial cyst can occur anywhere in the mediastinum and can mimic a bronchogenic or thymic cyst. RFA with electro-isolation of the pulmonary veins is a therapeutic strategy increasingly used to treat refractory atrial fibrillation [31] . Cardiac CT has been used to assess the pulmonary venous anatomy and presence of left atrial thrombus prior to RFA [32] . Preprocedural cardiac CT can provide specific information regarding the pulmonary vein and LA prior to RFA as follows: 1) number and location of pulmonary veins and pulmonary venous anomalies; 2) ostial diameter of individual pulmonary veins; 3) left atrial dimensions; 4) identification of left atrial appendage thrombus; 5) anatomy of the esophagus to minimize complications such as atrioesophageal fistula; and 6) co-registration with electroanatomic mapping prior to RFA or direct overlay onto live fluoroscopic images in the electrophysiology laboratory [33] .
Normally, there are two superior and two inferior pulmonary veins (Fig. 12A ). The left superior pulmonary vein drains the left upper lobe, and the right superior pulmonary veins drain the right upper and middle lobes. The inferior pulmonary veins drain their respective lower lobes. Common anomalies include separate right middle lobe pulmonary veins (19-23%), joint pulmonary veins (superior and inferior common trunk, 2.4-25%), and anomalous pulmonary venous return (<1%) (Fig.  12B , C, and D) [32] .
NoNINvAsIve coroNAry veIN mAppINg prIor to plAcemeNt of bIveNtrIculAr pAcemAker
In end-stage heart failure, cardiac resynchronization therapy (CRT, biventricular pacing) has been increasingly used for increased survival and symptomatic relief. In this method, an additional left ventricular lead is placed in the target coronary vein on the surface of the left ventricle, together with the classic pacing of the right ventricle and the RA. The left ventricular lead is implanted through cannulation of the coronary sinus and the great cardiac vein to the lateral or posterolateral veins, which are considered the target veins. A major problem is the significant anatomical variability of the coronary venous system. Therefore, cardiac CT is usually used to assess the coronary venous anatomy for guidance of left ventricular lead placement. The diameters of the coronary sinus and target veins can be measured. Cardiac CT also can be used to evaluate left ventricular ejection fraction and the burden and location of myocardial scarring prior to CRT [33] . The CT technique is similar to that for routine coronary CT angiography. However, for optimal visualization of the coronary vein, an additional delay of 4 seconds com-pared to that used for coronary CT angiography is appropriate [34] .
coNclusIoNs
Cardiac CT is a powerful imaging tool for detection of both non-coronary cardiovascular disease and coronary artery disease. We reviewed the cardiac CT findings of non-coronary disease in adults. Radiologists should be aware of these applications and imaging findings in adult cardiac CT.
